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METALLURGY.
TREATMENT OF

GOLD AND SILVER ORES
AS FOUND IN THE COMSTOCK LODE,
GRABILL.

Problem in Metallurgy for Examination.
Metallurgy of Gold.
L.R. Grabill, Class of 78
FEB, 1878.

Statement of Problem.
“Metallurgy of Gold, etc.”

“Required, description of process and machinery used
in the extraction of Gold and Silver from earthy and siliceous ores
as found in California, -- the ores being represented by the following -S i0 2,
S(Zn,Pb)+Cu2S,
AI2O3, Fe20 3, etc.,
Au,
Ag2S,

91.44
1.38
6.39
.0017} Variable in 1st, 2d, & 3rd class ores.
.1 2

}

“1° -- The methods, etc. employed in treating 1st class ores, -- such as
exceed in value $150 per ton.
“2° -- Methods, etc., in treating 2nd class ores, such as ore valued
at less than $150 per ton.
“Give in detail the chemistry of each process described, also illustrated

by drawings of machinery &c., for crushing, separating, retorting,
melting, casting, etc.
“Give as nearly as possible the commercial values of all
products and by-products.
“Separation of gold and silver is included in this.”

On examination of the problem, we find that the ore
corresponds to that produced in the Kentuck mine of the Comstock Lode,
near Virginia City, Nevada. As the problem required no original
treatment, -- but a detail of the processes used in the W est for the treatm ent
of these ores, this project is indebted for details of processes to the notes
of lectures on the metallurgy of silver, by Prof. W illiams; to the notes of
lectures on the metallurgy of gold, by Prof. Wait; and chiefly for the
drawings and also some of the processes to the description of the treatm ent
of ore from the Comstock Lode in Clarence King’s “Report on the
40th & 44s* parallels.” Also Raymond’s “Silver & Gold,” Phillip’s “Metallurgy of
Gold & Silver” and the Engineering and Mining Journal, Krestel’s
“Processes of Extraction of Silver & Gold” & Raymond’s Reports.
The ore from the Kentuck mine, and in general, from the
Comstock Lode, consists of grayish white fragile quartz mixed with
sulphides. The ore from the main lode is divided into 3 arbitrary
divisions numbered #1, #2, and #3. The first class is the best
ore. Of this class the assay value must exceed $150 to the ton.

There is but a small quantity of this. In 1868 there were taken from
the Savage Mine 87.341 tons, and of this but 277 % tons were first
class ores. These latter averaged $449.40 per ton.
The second class ores include those between $150 & $90 per ton.
Third class ores contain all below $90 per ton which are worth
saving. Ores below $10.00 at least are not worked.
The character of this ore is such that the bullion is about
30% gold, the remainder being silver.
The first class ore is what is called rebellious ore,
because mixed intimately with all of the sulphides. The second
and third class ores are mixed with very little of the sulphides, -these last two classes are treated by one treatment. The first class
ore requires a special treatment, which is rather troublesome.
The gold and silver, after having been reduced to bullion,
require to be separated.
The problem is then divided into -A. -- Treatment of 1st class ores.
B. -- Treatment of 2d class ores.
C. -- Treatment to separate & refine golds and silver.

A --Treatment of first Class Ores.
After sorting the first-class ores and separating from
those of a lower grade, the first operation is that of drying.
Drying -- This is accomplished in drying kilns
which have a floor composed of iron plates, tightly joined. This
floor is about 8’ x 12’, and is best heated by being so arranged
that the gases from the roasting furnaces will pass under them it
on their way to the stack. The heat required is not great, as the
object is merely to save fuel in the roasting operation, and make the
ores more easily crushed in the stamps.
The kilns have a tight brick roof and sides, and a flue
leading from the space under the floor leading to the stack.
3 kilns will roast 25 tons in 24 hours, or one kiln 8 % tons.
The three kilns can be attended by one man.
The ores, having been dried, are raked out, and are

then ready for the process of
“Dry Stamping.”
This consists in crushing the ore dry in stamps, so
as to render it sufficiently fine for the subsequent amalgamation.
Sometimes this crushing is performed with Blake’s Crushers,
but the most frequent practice seems to be to use the stamp.
The stamps used do not vary materially in their
construction from the stamp in use in wet-crushing (Drawings of
the latter, as also of Blake’s Crusher are shown at the end of this
project.) A full description of the stamp in use in wet-crushing
being given further on, it is not considered necessary to give
here any detailed account of the dry-stamp. The stamp, including
pestle, head, rod, & attachments, weighs 600 lbs. They
have a fall of 8 or 9 inches, and ran at a velocity of 65
beats per minute. They are arranged usually in batteries of either
4 or 5.
The ore is crushed by these so as to be sieved through a
wire sieve having 40 holes to the linear inch. The crushed
ore goes from the mortars into tight boxes formed by covering over
the mortar to prevent scattering the particles in the act of crushing.
When it is desired to take out the stamped ore, these are opened
and the ore shoveled out into barrows.
The labor required is 2 feeders for 24 hours per battery.
The steam power required is 1 1A horsepower per stamp-head.
From 1
A ton to 1 ton is crushed in 24 hours, per head.
The ore is now run through sieves with 40 holes per
linear inch. The next process by which it is treated is

Chloridizing Roasting.
A great many furnaces are used for this process,
and the best results seem to be obtained lately by Mr.
Stetefeldt, for cheapness and quickness. We have therefore
adopted his furnace for this project.
The objects to be accomplished in this roasting are:
1. The oxidation of the metallic compounds and their
subsequent reduction to the form of chlorides: -- they are thus gotten
into solution when treated with water, and do not alloy with
the mercury, thus insuring the production of a purer bullion.
2. The silver is reduced from the form of sulphide,
with in which form it will not amalgamate, to the form of chloride,
by which it becomes capable of further reduction and
subsequent amalgamation.
3. Volatile products are as far as possible
driven off.
Stetefeldt’s furnace consists, in its later forms, of a
shaft 30 feet in height and 4 !4 feet square in section,
(See drawing) marked (A). At the sides of this main shaft
are two fire places, (BB,) connecting with the main shaft by
flues, (CC.) Near the top of the furnaces is the flue (D)
for the exit of gases. The ore is fed in in a slow but
constant stream by a machine-feeding hopper at (E) and falls
through the flame and heated gases for the height of the furnace.
The flue (D) may lead directly to the stacks, or, as is
better, lead through condensing chambers and then to the

stack, to avoid carrying off any ore dust which the
current carries out of the furnace.
The sieved ore is mixed with salt, amounting to 6
% of its weight, and thoroughly stirred. It is then raised
by elevators to the top of the furnace, and deposited in the
feeding hopper. It then drops through the furnaces, meeting
the ascending current of hot air from the fire-places. The
roasted and chloridized ore is removed at the bottom.
From 1 !4 to 8% carbonate of lime (depending on the
quantity of inferior metals the ore contains) is often mixed with the ore
before roasting, with the salt, to reduce the sulphates of copper
and zinc to insoluble oxides.
Stetefeldt’s furnace requires 2 cords of wood per
day.
The labor required is 6 men in 24 hours.
The furnace is best kept at a red heat. It may be built
of common red brick or stone, with fire-brick in the exposed
places.
It is claimed that this method is much more cheap
and effective than that of roasting in reverberatories.
Chemistry of this roasting in detail.
The gold is not effected.
The sulphide of silver is converted to chloride, and
sulphur is liberated.
FeS04 + CuS04 are produced.
CaC03 + CuS04 or (FeS04) = CaS04 + CuO + C02
Antimony is partly driven off, if present.

The next process is
Amalgamation in barrels.
This is the European process of amalgamation.
It consists in revolving the sieved ore from the roasting process
in barrels for a considerable time with iron, mercury,
and water.
The barrels are made of pine wood. They are 4--5
ft. long, and have 4’--5’ exterior diameter. The staves are of pine
and are 2--3 inches thick. The ends are made of pine neatly
joined. The barrels have a lining of pine blocks which are
placed with the grain exposed to the inside. These blocks are
4” -- 5” square and 3” -- 4” thick. The barrel is strongly
supported at the ends by trunnions, which rest on bearings just
outside. The end of the barrel is strengthened by a four
armed flange, through the centre of which the trunnion passes.
The trunnion is made hollow, as shown in the figure,
for the admission of steam. (See Figs. 6 & 7.)
Each cask is fitted with a circular opening five
inches in diameter, in which is fitted a wooden plug or bung; and
in the centre of this bung is bored a small hole provided
with a pin made of hard wood. The bung is removed
for charging the barrels and is replaced when the barrels are
charged. The small hole in the bung is used for drawing
off the mercury at the end of the process; and the
bung is taken out after the mercury is with-drawn, to discharge
the barrel.
Below the casks are triangular troughs, into which
are discharged the contents of the barrel at the end of the

process.
The roasted and sieved ore is elevated to hoppers
above the barrels, and is supplied to the barrels by smaller
hoppers, of which one is above each barrel.
Three distinct periods may be recognized.
In the first period there are placed in each cask 1 ton
of roasted material and 400 lbs. of iron. This charge is run
for three hours, with about 6 cwt. of water, at a slow rate. This
period serves to dissolve soluble salts, such as Fe2CI6, CuCI2, PbCI
Then 350 to 400 lbs. of mercury are added, and the barrels
are run from 12 to 13 hours with 12 revolutions per minute.
At the end of this stage the barrels are completely filled with
water and revolved more slowly 2 hours more. The barrel
is then stopped by being thrown out of gear, with the bung
upward. The small plug in the bung is removed and an
iron tube is introduced, to which is attached a rubber hose
with a stop-cock. The barrel is turned 1
/4 revolution, and
the mercury is run off through this tube and
is caught in an iron vessel. As soon as the water
begins to appear, the vessel is removed, the bung taken out,
and the tailings allowed to run into spouts beneath. These
tailings pass through agitators to collect the mercury which
may be left, and are then run over blanket-tables, the
water running from these into settling reservoirs.
The products of this process are
1 -- Amalgam, with quicksilver, containing Au & Ag.
2 -- Tailings, containing small quantities of Au & Ag.

Chemistry of Barrel Amalgamation.
In the first period (revolving with a small amount
of water, and iron) the soluble salts are dissolved. At the
same time FeS04 & CUSO4 become converted into chlorides by double
decomposition, and sodium chloride dissolves the chloride
of silver. Metallic iron acts on Fe2CI6 producing
2 Fe2CI6 + Fe = 6 FeCI2
2 CuCI2 + Fe = 2 CuCI + FeCI2
The iron thus saves a [conaume?] of mercury, preventing
it from being converted into the chloride. FeCI2 & CuCI then
react on chloride of silver.
2 AgCI + 2 FeCI2 = Fe2CI6 + 2 Ag
CuCI + AgCI = CuCI2 + Ag.
The second period is that of amalgamation proper.
In this the chemical action consists in amalgamating
the silver, and, to a slight extent, the gold, with the mercury.
Raymond denies Silver & Gold) that any great quantity
of gold can be alloyed with the mercury; but affirms
that it sinks by virtue of its specific gravity, and is saved
thus, principally. To prove this fact, he cites analyses of
the amalgam, which show but little gold.
In the third period the amalgam is separated, by
turning slowly.
The loss of silver is 7.12% of the amount recovered.
The total loss of mercury is 2.96 times the amount of
precious metals recovered, in weight, or 1 lb. per ton of ore.
1 ton requires 1 barrel, and is amalgamated in 20 hours.
The cost of labor at the Oflin works is $9.50 per ton treated.

Treatment of products from the barrels.
A. -- Treatment of Tailings -- (This subject is reserved for
treatment until towards the end, and will be treated of in the
Washoe process.)
B. - - Treatment of amalgam.

The amalgam from the barrel is treated in precisely
the same manner as the amalgam from the pans, the two
processes being the same from this to the end. The subject of
the other class of ore will now be taken up.

B. -- Treatment of 2d & 3rd class ores.

The treatment for these classes of ores is the same, -- in
fact, the difference is merely nominal. The second class ores,
as before stated, include those ranging in assay value from
$150 to $90 per ton; the third class ores ranging below $90 in
value. This process is known as the
W ashoe Process,
and may be divided as follows: -I.
-- Crushing the ore received from the mines.
(a) In Blakes’ crushers.
(b) In Stampmills.
II. -- Treatment of products from stamps.
(a) Treatm ent of stamp-stuff by pan-amalgamation

(b) Treatment of slimes.
III. Treatment of products from the pans.
(a) Treatment of the quicksilver amalgam
1. Straining from free mercury
2. Retorting
3. Fusing into bullion.
(b) Treatment of tailings from the pans.

I - Crushing.
The ores received from the mines are in pieces, varying
in size from those that are just capable of being handled,
to very fine. Before being stamped, this must be
reduced to a suitable size by passing through one of the
various forms of rock-breakers. We have adopted
Blakes’ Rock breaker or Ore-crusher. (See Fig. 9.)
This is a machine which crushes ore between two heavy
masses of iron, one being moved against the other by a reciprocating
movement given by a crank of very small radius. The figure
fully explains itself.
The ore is broken to pieces not to exceed a few cubic
inches in size. It is conveyed to the crushers from bins by the
shovel. The bins will be of course as near as practicable.
2 hands in 24 hrs. are required for feeding.

The ore is next shoveled directly on a floor back of
the stamp battery, where it is ready to be fed in. The best
plan is to have the battery on a lower level than that of
the Blake machines, and the ore is shoveled down an

inclined plane to the battery. (See Fig

)

A view of a stamp battery such as is in general
use in the west is shown in Fig. 14 & 15.
The arrangement consists of a heavy iron pestle (C )
with a wrought iron stem (E). This stem is made to preserve
a vertical direction by means of guides through which it passes.
On the stem is securely set a collar (B), against which acts
a revolving cam (A) on a horizontal shaft. The collar is
raised by the cam until it reaches the point of the cam,
when it drops, the head falling against the die (E). To
be easily changed in case of wear the mortars have heads
or shoes (D), of chilled iron, which are wedged on.
There are usually 5 of these stamps in a battery, all
worked by cams on one shaft. They all fall into one cast
iron mortar. The ore in fed in at the back by men with
shovels, and the fine crushed ore is carried out through
screens in front at (I). These screens are made of
#6 wire gauze or of Russia sheet iron, having 40
holes to the linear inch.
The fire stamps fall so that no two adjacent may
fall at the same time. If numbered in succession from
1 to 5, the order of falling would be, 3, 5, 2, 4, 1. This
is effected by changing the positions of the cams.
The whole is well timbered, braced by beams (H), in front,
and iron braces G, behind.
The stamps, with the pestle, have a weight of about
750 lbs.

The fall is about 9 inches. They give about 80 plows per minute.
The water is fed in in a constant stream, and the amount
used is 250 to 300 cubic feet per ton, which is 1/3 to 1/2 cu.
ft. per minute.
24 stamps crush about 55 tons in 24 hours, if of this
size.
The power required is 1 A horse power per stamphead.
This is a short description of the stamp used in crushing
Comstock ores.
The ore from the Blakes crusher runs down an inclined
plane to the stamps, where it is fed in constantly by men.
Being crushed by the stamps it is carried by the water and
by the plashing action of the stamps out through the screen
at the front, and flows through troughs directly into the setting
vats. These vats or tanks are 3 14’ deep by 5 14 ‘ square. The
crushed ore settles to the bottom, and the water, carrying slimes,
passes out through holes near the top, into other tanks, and
thence to apparatus for concentrating slimes.
The labor required for 20 stamps is 2 feeders per day.
The iron from wear of the stamps exercises a very beneficial
influence in amalgamating.
The value of the stuff per ton is of course the same as
the assay value of the ore; not yet having been altered in any way.
There are two products to this operation—
1.
Stamp-stuff
2.
Slimes
The stamp-stuff is amalgamated.

The treatment of slimes is discussed hereafter.
Amalgamation in pans.
Just at the edge of the settling tanks is a large platform,
and on the opposite side from the tanks, across the platform,
are the pans. The ore is shoveled from the tank upon the
platform, and is then charged into the pans as desired.
Many kinds of pans have been invented for the
process of amalgamating. The tendency now is to use large
pans, which will treat a heavy charge. For the purpose of
description we have taken the Wheeler pan, which is one
in very common use, and has proved an excellent pan.
The amalgamating pan of Wheeler is given in (Figs. 12
and & 13). The important features are a round tub
of cast iron, 4’ in diameter and 2’ deep. This tub has
a hollow pillar cast in the centre, for the passage of a
vertical shaft, (A). To this shaft is attached a yoke having
4 radial arms, (B), to which is attached the mullers. This
yoke may be raised or lowered by the lever F, so as
to carry on either a whirling or a grinding action with the
mullers. The bottom of the pan consists of cast iron plates,
with the intervals between the plates filled with wood. These
form the lower grinding surface. The upper muller consists
of an annular disc, having slots in it, into which
are bolted 12 iron shoes, so arranged that in a
revolution every portion of the surface is gone over by the shoes.
The upper muller is marked (D), the shoes marked (E).
The pan has a cover, a pipe for introducing live steam,

and a chamber below into which steam is driven to heat the
mass. (Chamber G in the drawing.)
There are also guides in the pan to direct the water and
whirling pulp to the centre, and several smaller details, shown
in the drawing.
The vertical shaft is whirled revolved by gearing
beneath the tub.
The Wheeler pans have a capacity of 1200 to 1500
lbs. of charge.
The pulp is shoveled in at the top, and water is added, through
a hose, The mullers being raised. Steam is then admitted into the tub.
The proper charge having been put in, the muller is
lowered. The pan is run 2 hours at about 65 revolutions per
minute, until the pulp is ground very fine. Then the cover
is taken off, the mullers raised, and mercury is squeezed in through
a canvas bag, so as to form a fine shower. 60 to 70 lbs of
mercury is added per charge of ore, -- unless the pan is new,
when about 200 lbs. is added. The cover is now put on, steam
admitted to the steam chamber, but not to the charge, and the
mullers revolved, without lowering, as the object of this part
of the process is not to grind, but to amalgamate. The pulp
must be thin enough to admit of free movement, and yet
thick enough to keep the mercury suspended.
At the beginning of the operation, in the common
operations, a mixture of from 14 to 4 lbs. of sulphate of copper
and common salt are added.
After running 4 hours, the pulp is run into
the separators below. There is a hole in the bottom of the pan

stopped by a plug. This being withdrawn, and a stream of
water poured into the pan by a hose, mercury and pulp
are washed out into troughs which convey them to separators
just below.
12 Wheeler pans treat 36 tons per day of 24 hours.
2 V2 horse-power is required for each pan.
There are required for 24 hours, 3 men at the tanks,
2 amalgamators, and 2 helpers, for 12 pans.
Chemistry of the Process.
With regard to the action of the CUSO4 and the NaCI added
it is not settled whether these salts aid the process, some metallurgists
affirming that they do, and others denying any effect whatever.
The reactions claimed by some are as follows; ~
2 NaCI + CuS04 = Na2S 0 4 + CuCI2
2 CuCI2 + Ag2S is supposed to produce 2 AgCI + 2CuCI + S
Again 2CuCI + Ag2S = 2AgCI + Cu2S.
x atoms of mercury are now added. If four, say, are
added, we have AgCI + Hg4 = AgHg3 + CIHg.
The CuS04 , however, does seem to help to decompose
the Blende and Galena, therefore assisting to separate the
metallic gold and silver from these minerals, which
mercury does not easily attack. But if too much of these
are used, they will injure or tarnish the mercury.
In some places sulphate of copper alone is used and
is said to have the effect of “quickening” the mercury by
producing a copper amalgam, and hastening the action on the

gold and silver.
The metallic iron from the wear of the muller and
stamps makes an important reaction with the HgCI, forming
FeCI2 and setting the mercury free.
Some of the amalgams are sometimes found crystallized.
In being analyzed, they are found to contain about Hg 75.04,
Ag, 24.18, Au, as impurity .77, giving a formula of Hg3Ag2.
This shows conclusively that the gold is not attacked by the
amalg mercury to a great extent, but is merely saved by virtue
of its specific gravity.
Recapitulation.
1. The minerals found are chiefly metallic gold, metallic
silver, sulphide of silver, lead, zinc and copper, and siliceous
matter.
2. The main action of C u S 0 4 & NaCI is supposed to be
in the production of CuCI2
3. The action of metallic iron in freeing the mercury
from the HgCI is very important.
4. C u S 0 4 quickens the mercury.
5. C u S 0 4 & NaCI, if effective, are used in too small
quantities
6. The chief agents in the action are mercury and iron.
7. To make a complete amalgamation, the mercury must
be perfectly clean.

Treatment in Separators.
The separators are somewhat like the pans in
construction, except that they are much larger, being made 7 to 8 ft
in diameter (See Fig. 8). They are usually made to hold
the pulp from 2 pans. They have the four radial arms
to which are attached shoes, like the pan. But the object
of the separators is to keep the sand in suspension, and not
to grind. They have a series of holes from the top downwards,
(a, b, c, d, e) in the figure, which are closed by plugs. They
also have a groove in the bottom with a tube spout (A), for
discharging the mercury.
The mass being in, the muller is started. Its motion
is 10 --1 5 revolutions per minute. The mercury and heavy
particles settle to the bottom. The settler is run 4 hours
when made to hold the product of 2 pans.
The plugs shown in the figure are successively withdrawn
from the top downwards. When the last plug, which is
about 2 inches from the bottom is taken out, the mercury is all
left in. Water is added, the amalgam washed a little,
and the water is allowed to run out by the top holes. The
arrangement for discharging the mercury is the bottom tap,
A. The amalgam is run through this spout into iron troughs,
whence it is ladled for further operations.
There are two products from this operation,
1 - Amalgam.
2 - Tailings.
The labor required for these is given in that required

for the pans.
The steam power is the same as that required for a pan,
3000 lbs are treated in 4 hours.
There are 2 Products -1-- Amalgam.
2 - Tailings.
Treatment of Amalgam, containing Silver and Gold.
The mercury from the pans, say 65 lbs. contains,
in ores averaging $100 pr. ton, about 1 lb. av. of gold and
silver, in proportion of 1 gold to 2 of the latter.
The amalgam is then put in a bag and strained. The bags
used are made of heavy canvas, and are about 3 V * ft. long and
1 ft. in diameter at the top. (See fig 3.).
At stated times, also, the pans are cleared up, by
taking apart and scraping off the hard amalgam. Often %
of the amount is obtained in this way. After straining, the hard
amalgam, containing about Y e of its weight in silver and gold
is ready for retorting.
A figure of the retort furnaces is given (See Figs 1 & 2.).
It consists of a horizontal cylinder of cast iron, 3 feet
in length, made of iron 1 14 inch thick. The diameter of this cylinder
is about 1 foot. At the end of the cylinder it terminates in a cone
2 feet in length, which terminates in a tube leading to a Liebig’s
condenser. The total length of the cylinder is about 5 feet. It is
supported in a brick firechamber with grate-bars beneath. The large
end of the cylinder has a flange butt (D) which can be
screwed on, and made air-tight by luting. The amalgam is put on

eight semi-cylindrical cast iron trays, and thus introduced
into the cylinder.
The charge for a retort furnace is 1200 lbs. of
amalgam:
The principal directions for heating are not to heat
so strongly as to fuse bullion & enclose mercury.
The time required for retorting 1200 lbs. in 8 hours.
The mercury is condensed in a Liebig condenser, and
run under water. There is almost no loss. After the retorting
is over, the door of the furnace is opened, the cylinder
unsealed & the butt unscrewed, and the bullion taken out on
the trays.
200 lbs. of crude bullion is left from retorting 1200
lbs. A charge for the retort furnace is obtained once in 3 days
from a 24 stamp-mill, treating ores averaging $120 pr. ton.
The products are two -1 - Mercury.
2 -- Crude Bullion.

Treatment of Bullion.
The crude bullion, which is mixed with alloy &c,
is next melted in crucibles.
The furnace used is a common wind furnace, with
a top which can be opened. The crucibles are set in rows in the
furnace. See drawing for dimensions (Fig. 5)
The crucibles are plumbago crucibles about 6 inches
deep. They must be annealed first by heating outside of the
furnace, to prevent cracking.

The bullion is put in the crucibles and covered with
borax, containing a little Potassium nitrate. In fusing
the borax floats on top with the impurities, etc. The bullion
is then poured out into greased or waxed iron molds, the borax
remaining on top; - the crust of borax is easily removed after
cooling. The molds are rectangular, casting the bullion
in the shape of bricks.
From the charge of 1200 lbs. of amalgam, producing
200 lbs. crude bullion there will be obtained nearly 200 lbs.
purified bullion ready for treatment.
The process of sampling the bricks for assaying th e bricks is as follows
If ABCD and A’B’C’D’ are sections
[Figure]
of a brick at right angles with each other, A,B,C & D represent
gauges made with a chisel of which A & C are on one side and
on diagonal corners, and B & D are on the other sides in
the corners on the other diagonal of the section.
The bullion produced is about 30% gold and
70% silver, and is worth about $1.75 to $2.00 $6.25 cts per oz.
About 943 oz. is the average product of a 24
stamp mill, treating ores averaging $120 pr. ton.

Treatment of slimes and tailings.
The “slimes” are those finely divided portions of the ore
coming from the batteries which do not settle in the settling
tanks, but flow past them with the water through the outlets
at the top.
The “tailings” are those portions of the ores which are
discharged from the separators and agitators, and also with
the water from the barrels in the treatment of the firstclass ores.
The slimes vary in value from $25 to $50 per ton.
They are usually first collected and settled all that is
possible in large reservoirs. Dams are often built for the
purpose of collecting, and the settling worked after several
years. They are treated by a process similar to
that used on the second and third class ores, requiring of
course no stamping. This is called raw amalgamation.
Roasting has been tried, but is not found so profitable. More
mercury and more chemicals are used, and the loss
of mercury is much greater. 80% of the assay value
of the slime is obtained by raw amalgamation.
Concentration and treatment of the tailings.
After coming from the separators and barrels, the
tailings go to agitators, which are large tubs used for collecting
any drops of mercury that may have been carried out. From

this they are run on blanket sluices, or go directly to tailing
reservoirs.
The blanket sluices and sluices or troughs in which are
laid blankets with long hair, which entangles the heavier and
finer particles of the tailings. The blankets are cleaned by
washing, and relaid. An important percentage of the
ore is obtained by this treatment. The w ater containing
the tailings runs from the blanket sluices into tailing reservoirs.
In some instances these reservoirs are very large, all the
mills in one valley emptying their tailings into one stream,
and collecting in the [illegible] lower down. Some of
these reservoirs are estimated to contain 100000 to 400000
tons of tailings.
Mills near the reservoirs buy the right to work
these tailings.
The tailings frequently contain -- or on an average
contain -- about 10% of the value of the ore treated per day.
Their value ranges from $5--30 per ton, with an average
values of $13.
They are either roasted first, or treated by raw
amalgamation. They do not require so much grinding as the
ores when first treated, since they have once been ground.
The amount collected from the ore in the W ashoe
process is 60% by the first treatment, which is increased
to 85 to 90 by subsequent treatm ent of tailings
and slimes.

C -- Treatment to separate and refine
gold and silver.

After production of the bullion, it is either treated
at separation works in the West, or shipped East for separation.
The most economical and perfect method for separating
the gold and silver is to dissolve out the silver with
hot strong sulphuric acid, leaving the gold undissolved.
This is a comparatively recent method, and is found to be
better than quartation, in that it uses an acid that
is cheap while the range of percentages in the bullion to
be treated can be much more variable. Thus, though an
alloy of 1 of gold to 2 1/4 of silver is the best for this process,
an alloy of 4 of gold to 1 of silver may be treated with
good results.

The parting may be done either in platinum, porcelain,
or iron vessels, -- but fo r treatm ent on an extensive
scale the iron vessels will probably be used. The iron
should be fine, granular, and compact, and should contain
a large am ount of carbon. The fact that it can be
used is explained by its non-solution in strong hot acid,
though it is soluble in w eaker acid. It is found that
the pans will last fo r about 3 months.

Since our bullion consists of 1 part Au to 2 % Ag, it
is already right fo r treatm ent with sulphuric acid, and
may be treated at the works.
The bullion is melted and granulated by being poured
into water. It is then put into cast iron boilers in weights of
250 lbs., and 2 to 2 1/4 tim es the w eight of Sulphuric acid
marking 60° Beaume are added. The boilers have a leaden
cover, with leaden pipes leading to vessels fo r condensing the
Sulphuric acid, so that it may be used again. A fter
boiling till the silver is nearly all dissolved the solution
is transferred boiling to leaden tanks. These are then filled
V z with molten liquor from the crystallization of sulphate
of copper, which is merely a dilute impure acid, to clarify
the silver solution, -- it cannot be added in the iron pots -since it would dissolve the vessels; and the fired solution
can not go on in leaden vessels since the action would
be much impeded by presence of lead.
Loose steam is then introduced through a steam-pipe,
and the liquor is boiled until saturated with sulphate of silver.

It is then allowed to stand one hour to settle, at the
end of which time it is drawn off by a siphon 10” from
the bottom. The gold is several times washed, to remove all
the sulphate of silver. It is then retreated with sulphuric
acid in a platinum vessel, until the washings show
finally no precipitation with a solution of sodium chloride.
The gold is then dried and melted in black lead crucibles
with borax. Its fineness is 998. It is molded in ingots.
To the solution of sulphate of silver all the
wash waters are added, It is then put in a large leaden
cistern heated by steam. In this solution are suspended copper
plates. The silver precipitates in minute crystals as the copper
passes into solution. After standing some time, in some cases
several days, the solution is tested with chloride of sodium. If
no more silver is present, the liquid, containing solution of
sulphate of copper, is decanted off, and the silver washed
several times. It is finally filtered on linen cloths, and the
water removed by drying, and the silver is pressed into cakes
by a hydraulic machine. It is then fused in crucibles
and molded. The silver thus obtained is very pure.
The solution of sulphate of copper is evaporated,
the sulphate of copper crystallized out, & sold. The
molten liquor is used in subsequent operations in
dissolving the silver.
200 lbs. of alloy may be treated per 24 hours.
The sulphuric acid is distilled over & used repeatedly.
The proportion of copper which passes into solution
is to the silver as 42-7-f4Q8- 63.4 : 216, or less than Vz.

This finishes the treatment of the subject of separation
of the ores for the district given.
Constant improvements are being made, as the country
becomes more settled and the requirements better understood.

Missouri School of Mines,
Feb. 13, 1878.
L.R. Grabill.
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